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Cirrus  Particle  Distribution  Study 

Part  2 


1.  INTRODUCTION 

The  AFGL  instrumented  MC-130E  was  flown  26  February  1978  on  a cirrus 
sampling  flight  in  the  Albuquerque,  New  Mexico  local  area  to  obtain  particle  data  for 
the  Air  Force  Weapons  Laboratory's  Advanced  Radiation  Technology  program.  The 
purpose  of  this  flight  and  of  the  similar  29  October  1977  flight  was  to  acquire  addi- 
tional information  on  the  typical  type  and  concentration  of  ice  particles  in  cirrus 
clouds.  For  further  background  information  concerning  cirrus  data  in  general  and 
the  type  of  data  available  from  this  particular  aircraft's  instrumentation  the  reader 
is  encouraged  to  review  Part  1 of  this  study  by  Varley.  1 Ensuing  parts  will  provide 
data  from  other  sampling  flights. 

2 

m a previous  paper  Knollenberg  reported  cirrus  clouds  to  be  composed  largely 
of  bullet  particles  and  columns.  Heymsfield3  found  plates,  columns,  and  some 
bullet  rosettes  in  weak  uniform  cirrus,  but  mostly  bullet  rosettes  in  heavy  uniform 


(Received  for  publication  10  October  1978) 

1.  Varley,  D.  J.  (1978)  Cirrus  Particle  Distribution  Study,  Part  I,  AFSG,  No.  394. 

AFGL-TR-78-0192"! 

2.  Knollenberg,  R.G.  ( 1973)  Cirrus-contrail  cloud  spectra  studies  with  the  Sabre- 

liner,  _Atmo£;__Tech.  (by  NCAR),  No.  J^-52-55 

3.  Heymsfield,  A.  (1974)  Ice  crystal  growth  in  deep  cirrus  systems.  In  Preprints 

of  Conf.  on  Cloud  Physics,  Amer.  Meteor.  Soc.  pp  311-316. 
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cirrus.  In  cirrus  uncinus  Heymsfield  detected  bullet  rosettes,  single  bullets, 

c 

banded  columns,  and  plates.  Heymsfield  and  Knollenberg  collected  ice  crystals 
in  different  cirrus  generating  cells  and  found  concentrations  of  crystals  larger  than 

15  |i  m to  be  IX  10^  to  2.  5 X 10^  m and  the  water  content  to  be  from  0.  106  to 

-3  -3 

0.  26  g m in  cirrostratus,  and  0.  15  to  0.  39  g m in  cirrus  uncinus.  They  pointed 

out  that  these  values  were  relatively  large  in  comparison  to  other  cirrus  data,  but 
that  the  cirrus  generating  cell,  which  they  concentrated  on,  was  somewhat  different 
in  that  it  was  a mass  of  growing  ice  crystals. 

Some  14  case  studies  of  cirrus  clouds  were  described  by  Hobbs  et  al  who 
acquired  airborne  data  with  a B-23  aircraft.  They  found  low  number  concentrations 
of  ice  particles  are  usually  associated  with  low  ice  mass  concentrations  and  high 
number  concentrations  with  high  mass  concentrations.  They  also  reported  that  total 
ice  mass  concentration  in  cirrus  clouds  generally  increases  with  increasing  tempera- 
ture. 

An  effort  was  made  in  out  26  February  flight  to  collect  particle  data  near  the 
bases  and  within  and  near  the  tops  of  cirrus  and  cirrostratus  clouds  associated 
with  an  approaching  upper  level  trough.  No  thunderstorms  were  in  the  sampling 
area.  All  PMS  particle  spectrometers  were  operative  and  obtained  useful  data. 
However,  theformvar  particle  replicating  device  and  dewpoint  equipment  were 
defective  and  were  not  used. 

2.  SY NOPTIC  SITUATION 

The  upper  level  flow  across  the  United  States  was  nearly  zonal  on  26  February 
with  a weak  upper  level  trough  along  the  West  Coast,  a minor  ridge  just  east  of  the 
Rocky  Mountains,  and  a strong  west -northwesterly  flow  from  there  to  the  East 
Coast.  No  jet  stream  was  in  the  Albuquerque  area,  however.  Figures  1 and  2 
depict  the  general  flow  at  500  and  300  mb.  As  shown  in  Figure  3a  there  was  a 
strong  high  pressure  cell  (1032  mb)  at  the  surface  in  the  Central  Plains  area,  a 
diffuse  low  pressure  area  in  the  western  states,  and  a weak  stationary  front  through 
the  Western  Plains  along  the  lee  of  the  Rockies. 


4.  Heymsfield,  A.  (1975)  Cirrus  uncinus  generating  cells  and  the  evolution  of 

cirriform  cloud.  Part  I:  Aircraft  observations  of  the  growth  of  ice  phase. 

J.  Atmos.  Sci.  1^:799-808. 

5.  Heymsfield,  A.,  and  Knollenberg,  R.  G.  (197  2)  Properties  of  cirrus  generating 

cells,  J.  Atmos.  Sci.  29:1358-1366. 



6.  Hobbs,  P.V,  , Radke,  L.  I*  . , and  Atkinson,  D.G.  ( 1975)  Airborne  Measurements 

and  Observations  in  Cirrus  Clouds,  AFCRL-TR-75-0249. 
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Figure  1.  The  500 -nib  Synoptic  Chart  27  February  1978  at  0000Z. 
Heights  indicated  in  geopotential  meters 


Figure  2.  The  300-mb  Synoptic  Chart  27  February  1978  at  0000Z. 
Heights  indicated  in  geopotential  meters 


Figure  3a.  Surface  Synoptic  Weather  Chart  26  February  1978  at  1800Z 

Figures  3b  and  3c  are  visible  and  infrared  pictures  from  the  western  GOES 
satellite.  They  show  that  the  area  east  of  the  Rocky  Mountains  in  Colorado  and 
New  Mexico  had  considerably  less  clouds  than  on  the  western  side  of  that  range. 

The  lighter  shading  south  and  southwest  of  Utah,  Colorado,  and  New  Mexico  in  the 
infrared  picture  reflects  the  higher,  colder  clouds  that  were  being  adverted  to  the 
east. 

The  cirrostratus  and  cirrus  clouds  sampled  on  26  February  were  over  south 
central  New  Mexico.  They  consisted  of  a rather  deep  cirrostratus  layer  with  bases 
between  16,  000  and  18,  000  ft  (4.  9 - 5.  5 km)  and  a cirrus  layer  based  at  approxi- 
mately 27,000  ft  (8.  1 km).  The  cirrostratus  was  nearly  overcast  over  much  of  the 
area,  but  varied  from  very  thin  to  dense  with  striations.  Above  29,  000  ft  the  atmos- 
phere was  nearly  cloud-free  except  for  a few  contrails  of  temporary  nature. 

Surface  estimates  of  the  cloud  bases  over  most  of  Arizona,  New  Mexico,  and 
Western  Texas  ranged  from  10,000  to  25,  000  ft  (3.0  -7.6  km)  with  little  geographic 
trend.  No  weather  radar  echoes  were  reported  over  this  large  area  and  there  were 
no  reports  of  precipitation.  Surface  temperatures  over  most  of  New  Mexico  ranged 
from  the  upper  40's  to  lower  60's  (°F). 
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Figure  3b.  Western  GOES 
Visible  Picture  1815Z, 

26  February  1978.  2-mile 
resolution 


Figure  3c.  Western  GOES 
IR  Picture  at  1R45Z, 

26  February  1978.  2 -mile 

resolution 
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During  the  time  that  sampling  was  being  conducted,  Albuquerque  reported  the 
following  weather  conditions. 


Visibility 

T emp 

DP 

T ime 

Clouds 

(mi) 

(°  F) 

(°F) 

Winds 

1800Z 

14,  000 

ft  Sctd,  Est  25,  000 

ft  Brkn 

60 

57 

19 

190/ 10 

1900Z 

14, 000 

ft  Sctd,  Est  25,  000 

ft  Brkn 

60 

59 

19 

210/90 

3.  THE  FLIGHT 

The  sampling  aircraft  departed  Kirtland  AFB  near  Albuquerque  at  1810  GMT 
(1110L)  and  flew  generally  in  the  area  near  Albuquerque  that  is  indicated  in  Figure  4. 
The  cirrostratus  and  cirrus  clouds  that  were  flown  through,  extended  from  18,000 
to  29,  000  ft  (5.5  - 8.8  km ) during  ascent  and  from  29, 000  to  16,  000  ft  (8.8  - 4.9  km ) 
on  descent.  An  effort  was  made  to  record  particle  spectra  throughout  the  clouds, 
but  particularly  in  the  thinnest  portions  near  their  bases  and  tops.  The  density  of 
the  clouds  varied  from  dense  in  some  areas  to  very  thin  and  from  uniform  milky 
cirrostratus  in  the  cloud  interior  to  striated,  wispy  cirrus  on  top. 


Figure  4.  Track  and  Times  of  Sampling  Aircraft  on  26  February  1978  Based  on 
Distance  and  Direction  From  Albuquerque 
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Figure  5a  shows  a portion  of  the  Albuquerque  temperature  sounding  a few  hours 
before  the  sampling  took  place.  The  small  temperature-dewpoint  spread  from  ap- 
proximately 6 through  9 km  (19,700  - 29,  500  ft)  MSL  reflects  the  presence  of 
cirriform  clouds  that  were  later  flown  through.  The  plots  of  aircraft  altitude  and 
outside  air  temperature  are  shown  on  Figure  5b  for  the  portion  of  the  flight  at 
cirrus  altitudes. 


Figure  5a.  Portion  of  Albuquerque  1200Z  Sounding  on  26  February  197  8 


h-40 


Figure  5b.  Variation  of  Aircraft  Altitude  and  Outside  Air 
Temperature  as  a Function  of  Time  During  the  Sampling 
Mission 


The  following  notes  are  from  the  mission  director's  log  or  from  a review  of 
the  nose  camera  movie  film.  All  times  are  universal  (GMT).  Altitudes  are  from 
an  altimeter  set  at  29.  92  in.  of  mercury.  (More  accurate  altitudes  are  given  on 
the  printout  listings  in  the  appendixes.  ) 


Mission  Directors  Log 


1819:35  - 15.  000  ft  (4.  6 km). 


1822:35  - 

1826:11  - 

1827:24  - 
1828:04  - 

1830:59  - 


18.  000  ft 

20.  800  ft 

21, 500  ft 
21, 800  ft 

23,  100  ft 


(5.  5 km). 

(6.  3 km ). 

(6.  6 km ). 
(6.7  km). 

(7.  0 km). 


Sun  moderately  to  strongly  visible  through  all 
areas  of  cloud.  One  tenth  coverage  of  alto- 
stratus  (As)  and  altocumulus  (Ac)  with  bases 
at  15,000  ft,  tops  15,  800  ft.  No  clouds  below 
these. 

Base  of  Cs  layer.  2-D  probe  indicates  presence 
of  ice  crystals. 

In  Cs  since  18,  000  ft.  Sun  strongly  visible. 

Very  faint  22°  halo  visible  above. 

Ground  faintly  visible  below. 

Halo  no  longer  visible.  Still  in  Cs,  with  no 
breaks  since  initial  entry. 

Ground  still  faintly  visible.  No  breaks  yet  in  Cs. 
Within  about  2000  ft  of  tops.  Blue  sky  visible 
through  Cs  above.  More  Cs  below  than  above. 
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1833: 

50  - 

■ 24, 

200 

ft 

(7. 

4 

km). 

1834 

50  - 

■ 24. 

700 

ft 

(7. 

5 

km). 

1836 

27  - 

■ 25, 

000 

ft 

(7. 

6 

km). 

1840 

59  - 

■ 25. 

000 

ft 

(7. 

6 

km). 

1843 

30  ■ 

■ 25, 

800 

ft 

(7. 

9 

km). 

1845 

00  - 

■ 26, 

400 

ft 

(8. 

0 

km). 

1850 

30  - 

■ 27, 

200 

ft 

(8. 

3 

km). 

1851 

07  - 

• 27, 

500 

ft 

(8. 

4 

km). 

1853 

50  • 

• 28, 

000 

ft 

(8. 

5 

km). 

1858 

30  ■ 

■ 28, 

000 

ft 

(8. 

5 

km). 

1901 

00  - 

• 28, 

000 

ft 

(8. 

5 

km). 

1904 

:00  - 

- 28. 

000 

ft 

(8. 

5 

km). 

1908 

:07  ■ 

■ 28, 

000 

ft 

(8. 

5 

km). 

1911:28  - 28,  100  ft  (8.  5 km). 


1915:00  - 28,400  ft  (8.  6 km). 

1916:05  - 29,  000  ft  (8.  8 km). 

1917:39  - 29,  000  ft  (8.  8 km). 

1919:57  - 29,  000  ft  (8.  8 km). 
1927:00  - 29,000  ft  (8.8  km). 


1929: 

20  - 

■ 28, 

300 

ft 

(8.  6 

km), 

1930: 

;42  - 

■ 27, 

900 

ft 

(8.  5 

km) 

1931: 

: 24  - 

■ 27, 

500 

ft 

(8.  4 

km), 

1933: 

: 17  - 

■ 26. 

500 

ft 

(8.  1 

km), 

1936: 

: 00  - 

■ 25, 

800 

ft 

(7.  9 

km), 

Striations  in  Cs  above  us.  Crystal  habit  is 
bullet  rosette  and  irregular  ice.  Some  plates 
also  identifiable. 

Near  top  of  Cs  layer.  Cs  is  very  thin  here. 

Ground  no  longer  visible.  Cs  is  very  uniform. 

Into  area  of  thin  Cs.  Just  below  tops  of  Cs. 

In  tops  of  Cs.  Ci  bases  above  us  about  1000  ft. 
Between  Cs  layer  below  and  Ci  above. 

Cs  below  and  Ci  above  seem  to  merge  ahead. 
Entering  Ci  bases. 

In  very  thin  tenuous  Ci.  Bullet  rosettes. 
Moderately  dense  Cs. 

In  Cs  with  bullet  rosettes.  Sun  brightly  visible. 
Approximately  1000  ft  below  tops. 

Near  tops  of  Ci. 

Very  thin  Ci  here.  Can  see  ground  clearly 
through  milky  thin  Cs  below.  Tops  estimated 
at  29,  000  ft. 

In  thin  Ci  with  clearly  defined  22°  halo. 

Visibility  estimated  at  more  than  5 miles. 

Ground  clearly  visible  through  Ci  below. 

Very  near  top  of  Ci.  Blue  sky  visible  through 
Ci  above. 

On  top  of  most  of  Ci.  Only  some  distant  contrails 
above.  Tops  of  Ci  undulate  around  29,  000  ft. 
Passed  through  dense  Ci  then  came  out  rapidly 
to  less  dense  and  then  clear. 

Still  in  and  out  of  Ci  tops. 

Begin  gradual  descent  through  Ci  and  Cs. 
Skimming  through  tops  of  moderately  dense 
cloud.  Occasional  hints  of  blue  above. 

In  very  uniform,  milky  thin  Ci.  Just  below  tops. 
Unable  to  see  through  to  ground.  Sun  brightly 
visible. 

Ground  faintly  visible  below.  Still  in  thin 
uniform  Ci. 

At  level  of  a break  between  Ci  above  and  Cs  below. 
A 22°  halo  in  Ci  above.  Sun  still  brightly  visible. 
Entering  Cs  layer  on  way  dc  ;n. 
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1939: 

48  - 

■ 23. 

500 

ft 

(7. 

2 

km). 

1941: 

12  ■ 

• 22. 

300 

ft 

(6. 

8 

km). 

1942: 

: 1 2 - 

■ 21, 

500 

ft 

(6. 

6 

km). 

1944: 

: 54  - 

• 20, 

200 

ft 

(6. 

2 

km). 

1947: 

; 25  ■ 

■ 19, 

000 

ft 

(5. 

8 

km). 

1948: 

49  - 

• 18, 

300 

ft 

(5. 

6 

km). 

1950: 

20  - 

• 17, 

700 

ft 

(5. 

4 

km). 

1952: 

30  - 

■ 16, 

600 

ft 

(5. 

1 

km). 

1953: 

07  - 

• 16, 

100 

ft 

(4. 

9 

km). 

4. 


DISCUSSION  OF  RESULTS 


In  uniform,  thin  Cs.  Visibility  estimated  at 
15  miles.  Descending  to  Cs  base. 

In  Cs.  Clouds  thin  and  tenuous.  Sun  moderately 
visible  through  clouds  above. 

Back  into  more  dense  cloud. 

Emerged  from  dense  cloud.  Now  very  thin. 
Ground  clearly  visible. 

Dense  cloud.  Can  no  longer  see  blue  sky  above. 
Ground  visible  again.  Cloud  structure  uniform. 
Sun  moderately  visible. 

Near  Cs  bases.  Light  intensity,  large  aggregate 
particles  and  plates. 

Below  bases  in  clear  air. 

Below  all  clouds. 


Figure  6 is  a record  of  the  variation  of  liquid- water-content  (LWC)  during  the 
flight  as  determined  by  the  PMS  (Particle  Measuring  Systems,  Inc.  ) scattering,  1-D 
cloud  and  1-D  precipitation  spectrometer  probes.  When  recording  bullet  rosette 
particles  or  combination  of  bullets,  as  was  done  in  most  of  this  flight,  these  probes 
measure  particles  in  ranges  extending  from  approximately  2 to  30  p m,  26  to  311  p m, 
and  400  to  4676  pm,  respectively.  These  are  central  values  of  the  lower  and  upper 
channels  of  each  probe  so  the  range  is  actually  slightly  greater.  For  example,  the 
400  p m channel  records  particles  from  approximately  250  to  550  p m in  size.  The 
plots  of  values  in  Figure  6 are  based  on  data  averaged  over  consecutive  15-sec 
intervals. 

The  notes  at  the  top  of  Figure  6 are  based  on  transcribed  comments  from  the 
aircraft  mission  director's  log  and  from  a review  of  the  16-mm  movie  film  from 
the  camera  in  the  nose  of  the  aircraft.  In  general,  there  was  good  correlation 
between  the  reported  frequency  and  density  of  clouds  flown  through  and  the  variation 
of  liquid  water  content  (LWC)  as  determined  by  the  precipitation  probe.  That  is, 
when  the  mission  director  indicated  the  aircraft  was  in  a dense  cloud  or  in  no  cloud 
the  precipitation  probe  LWC  usually  showed  high  or  low  values,  respectively.  This 
is,  of  course,  comparable  to  saying  there  was  a high  number  or  low  number  of 
precipitation  probe- sized  particles  present.  There  was  less  evidence  of  a correlation 
between  visibility  and  the  smaller  particles  recorded  by  the  cloud  probe. 


j. 
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Figure  6.  Variation  of  Liquid  Water  Content  With  Time  as  Determined  by  Three 
PMS  Spectrometer  Probes.  Sampling  altitude:  16,  000  ft  (4.  8 km)  to  29,  000  ft 
(8.8  km)  MSL.  26  February  1978,  Albuquerque 


The  correlation,  however,  between  visibility  observations  and  precipitation 
probe  LWC  was  not  exact.  It  could  possibly  be  improved  by  making  more  detailed 
visual  observations  and  by  using  smaller  time  intervals  than  15  sec  to  construct  the 
curves  of  Figure  6.  Such  smaller  intervals  might,  however,  result  in  sampling 
volumes  being  too  small  and  the  outcome,  therefore,  not  being  significant.  Similar 
plots  of  data  based  on  60-sec  averages  showed  considerably  poorer  correlation  — 
apparently  due  to  the  dilution  of  high  LWC  values  with  low  ones,  or  vice  versa,  as 
clouds  were  entered  and  exited  in  rapid  succession. 

In  determining  particle  habit  or  shape,  primary  dependence  was  placed  on  the 
PMS  2-D  printouts  of  particle  forms  since  the  formvar  replicator  was  not  operated 
during  this  flight.  Similar  to  the  findings  in  our  first  cirrus  report,  1 there  were 
very  few  symetrically-shaped,  text  book  examples  of  pristine  columns,  plates, 
dendrites,  or  other  classical  ice  crystal  shapes. 

In  reviewing  the  2-D  shadowgraph  forms,  the  type  seen  most  frequently  from 
the  beginning  of  the  flight  until  1823Z  (5.7  km  altitude)  was  "small  snow".  This 
type  consists  of  agglomerates  of  smaller  individual  crystals,  which  together  do  not 
exceed  approximately  1/2  mm  in  size.  The  particles  encountered  in  the  descending 
portion  of  the  flight  after  1946Z  (5.  8 km)  were  also  of  a small  snow  nature. 

The  particle  form  seen  most  frequently  in  sampling  at  the  higher  altitudes, 
between  5.7  and  8.  8 km  (1823-  1946Z),  was  the  bullet  rosette.  Although  single 
columns  and  plates  were  not  rare  the  preponderance  of  discernable  shapes  appeared 
to  be  of  the  rosette  form.  As  indicated  in  the  literature  review  of  our  first  cirrus 
report,  1 the  bullet  rosette  shape  is  common  at  cirrus  altitudes. 

For  use  at  such  cold  altitudes  there  are  few  instruments  available  to  count  and 
size  ice  crystals  smaller  than  those  recorded  by  the  PMS  cloud  probe  ( ~ 26  (i  m). 

The  PMS  axial  scattering  probe  used  in  the  AFGL  aircraft  for  this  purpose  was 
originally  intended  for  use  with  liquid  particles.  As  pointed  out  by  Ryan  et  al,  ‘ 
since  the  scattering  properties  of  ice  crystals  are  not  known,  only  apparent  size 
distributions  can  be  reported  by  this  probe  in  cirrus  clouds.  Despite  this  problem 
it  is  believed  the  ice  particle  populations  between  2 and  approximately  30  pm  that 
are  observed  by  the  scattering  probe  are  reasonable  estimates  of  their  real  values. 

Particle  distributions  determined  by  all  three  probes  during  the  26  February 
197  8 flight  are  presented  in  Appendix  B in  terms  of  averages  for  consecutive  30-sec 
periods. 


5.  EXAMPLES  OF  1 5- SECOND  AVERAGE  PARTICLE  DISTRIBUTIONS 


After  a review  of  the  mission  director's  notes,  the  nose  camera  film  and  the 
variation  of  LWC  in  Figure  6,  eight  segments  during  the  flight  were  selected  to 


7.  Ryan,  R.  T.  , Blau,  J.  H.  , Jr.,  vonThuna,  P.  C.  , and  Cohen,  M.  L.  (1972) 

Cloud  microstructure  as  determined  by  an  optical  cloud  particle  spectrometer. 
J.  Appl.  Meteor.  11:151-156. 
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study  further.  These  eight  times,  which  are  marked  "PIX"  on  Figure  6,  were 
chosen  as  representative  occasions  when  cirriform  clouds  of  various  densities  were 
present.  Primary  emphasis  was  on  the  relatively  thin  cirrus  clouds  in  which 
Air  Force  Weapons  Laboratory  personnel  had  previously  expressed  interest;  how- 
ever, two  occasions  were  also  included  for  comparison  when  more  dense  cirro- 
stratus  clouds  were  being  sampled. 

Selected  frames  from  the  16-mm  movie  nose  camera  are  included  as  Figures  7a 
through  14a  to  provide  visual  documentation  of  the  eight  cirrus  situations  examined. 
Each  of  these  pictures  was  taken  simultaneously  with  or  a few  seconds  before  particle 
data  were  recorded  by  the  various  spectrometer  probes.  The  figures  on  the  pictures 
represent  the  time  in  hours,  minutes,  and  seconds  that  were  automatically  projected 
on  the  film  from  the  aircraft  time  code  generator.  The  second  digit  of  the  hour  was 
not  properly  projected  and  this  position  is  vacant  in  each  photo.  There  was  no 
problem,  however,  in  determining  the  correct  hour  since  elapsed  flight  time  was 
less  than  three  hours. 

Spectrometer  particle  data  concurrent  with  each  photograph  time  are  shown  in 
Figures  7b  through  14b.  The  "b"  figures  show  plots  of  particle  number  density  as 
a function  of  particle  size  derived  from  data  averaged  over  15-sec  intervals  near 
the  time  the  "a"  figures  were  photographed.  In  the  upper  right  hand  corner  the  total 
median  volume  diameter  (DIA)  and  total  liquid  water  content  (LWC)  of  particles 
recorded  by  each  of  the  three  probes  are  recorded.  The  diameter  values  are  those 
that  unfrozen  particles  having  a mass  at  the  median  value  of  each  probe's  LWC 
would  have. 

Because  of  the  deletion  of  the  overlapping  amount  plus  slightly  more  the  C + P 
(cloud  probe  plus  precipitation  probe)  LWC  and  DIA  values  are  sometimes  slightly 
less  than  the  amounts  indicated  for  either  the  cloud  or  precipitation  probe  individually. 
The  two  values  below  "Totals"  on  the  "b"  figures  and  on  the  printouts  in  Appendix  A 
and  B will  similarly  be  occasionally  less  than  their  contributing  components. 

A few  2-D  particle  form  examples  for  time  approximating  the  1-D  data  acquisi- 
tion times  are  shown  on  the  "b"  figures.  In  most  cases  these  were  recorded  over 
periods  not  exceeding  1-2  seconds.  Dimensions  of  nearly  all  2-D  forms  may  be 
approximated  from  knowledge  that  the  height  of  the  vertical  bars  in  these  illustra- 
tions is  800  pm.  A single  exception  is  shown  in  Figure  7b  where  the  line  of  2-D 
forms  recorded  at  195L25Z  is  from  the  PMS  2-D  precipitation  probe.  The  dimen- 
sion of  the  vertical  lines  in  this  row  is  6400  p m.  The  2-D  precipitation  probe  records 
only  the  larger  sized  particles  and  is  seldom  activated  during  cirrus  flights. 

Figures  7c  through  14c  are  the  PMS  1-D  data  printouts  of  particle  concentration 
as  a function  of  size  for  times  corresponding  to  the  information  shown  in  Figures  7a 
and  7b  through  14a  and  14b.  Each  of  these  "c"  figures  provides  data  averaged  over 
15-sec  intervals  for  two  consecutive  15-sec  periods.  The  "b"  figures  were  prepared 
from  data  for  one  of  these  periods. 
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5.1  Example  No.  1 : 1825:51/ 

Figures  7a,  b,  and  c represent  a situation  where  the  aircraft  was  near  the  base 
of  a cirrostratus  (Cs)  layer  that  varied  from  6000  to  8000  ft  thick.  The  ground  was 
still  visible  below,  but  visibility  was  rapidly  reduced  in  moving  upward  toward  the 
horizon.  The  location  of  the  sun  was  discernable  above  through  the  milky  white  cloud. 
The  Figure  7a  picture  and  that  shown  in  Figure  8a  were  taken  in  one  of  the  higher 
peaks  of  the  LVVC  of  the  precipitation  probe  (see  Figure  6). 

Although  the  median  volume  diameter  of  the  precipitation  probe  droplets  (and 
of  the  total  C + P value)  was  greater  at  that  time  than  at  any  other  shown  in  Figures 
8 through  14  it  is  noteworthy  that  the  LWC  of  the  cloud  probe  was  least.  Apparently 
these  particles  fell  from  higher  altitudes  and  grew  larger  by  collecting  or  aggregat- 
ing the  smaller  cloud-sized  particles.  Heymsfield0  also  found  aggregation  to  occur 
in  a cirrus  cloud  at  -20°C  and  warmer.  The  temperature  at  1824Z  was  -20°C. 

The  2-D  forms  shown  on  Figure  7b  were  recorded  approximately  1-1/2  hr  after 
the  picture  and  1-D  data  were  recorded.  This  substitution  of  later  2-D  data  was 
necessary  since  the  2-D  equipment  was  not  operating  when  the  aircraft  ascended 
through  the  cloud  base  at  1824Z.  In  choosing  2-D  forms  that  were  representative  of 
the  other  Figure  7 data  an  effort  was  made  to  match  1-D  spectra  data  on  descent 
with  those  recorded  on  ascent  at  1824Z.  It  is  believed  the  2-D  particle  forms  in 
Figure  7b  closely  approximate  those  that  would  have  been  seen  at  that  time. 


Figure  7a.  Selected  16-mm  Frame  1823.-51Z,  Base  of  Cs  5.9  km 
MSI.,  Temperature  - 1 9.  8°C 
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Spectrometer  Particle  Data  for  Figure  7a 
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Figure  7c.  Particle  Size  Distribution  Averages  for  Two  Consecutive  15-sec 
Intervals.  The  Upper  One  Corresponds  to  the  Plotted  Values  on  Figure  7b 
and  the  Photo  in  Figure  7a 
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5.2  Example  No.  2:  1825:30/ 

Figures  8a,  b,  and  c depict  another  moderately  dense  cirrostratus  situation 
where  the  aircraft  had  moved  about  0.  3 km  higher  into  the  cloud  than  at  the  time 
recorded  in  F igures  7a,  b,  and  c.  Uniform  milky  Cs  extended  about  5000  ft  (1.  5 km) 
above  the  observer  and  a thin  halo  was  around  the  sun  which  was  dimly  visible.  The 
LWC  measured  by  the  precipitation  probe  was  greater  for  this  example  than  for  the 
other  seven  times  discussed  here,  while  the  median  volume  diameter  was  approxi- 
mately the  same  as  the  Figure  7b  occasion. 

Although  some  channels  of  the  cloud  probe  recorded  no  particles  in  the  relatively 
dense  cirrostratus,  it  is  to  be  noted  in  both  Figures  7b  and  8b  that  there  is  a gradual 
but  discontinuous  increase  in  number  density  as  particle  size  decreases.  At  the 
higher  altitudes  examined  in  most  of  the  figures  from  Figures  9b  through  14b  this 
fairly  smooth  increase  in  concentration  with  diminishing  size  was  interrupted  by  a 
second  maximum  in  the  cloud  probe  data. 

The  particle  spectrum  shown  in  Figure  8b  is  similar  to  that  examined  by  Glass 

g 

and  Varley  during  Another  study  of  cirrus  conditions  at  the  time  a halo  was  present. 
Their  case,  however,  indicated  slightly  fewer  particles  in  the  50  to  100pm  range 
than  those  shown  in  Figure  8b. 


Figure  8a.  Selected  Hi 
Temperature  -22.  3°t' 
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F igure  8c.  Particle  Size  Distribution  Averages  for  Two  Consecutive  15-sec 
Intervals.  The  Upper  One  Corresponds  to  the  Plotted  Values  on  Figure  8b 
and  the  Photo  in  Figure  8a 


5.3  Example  No.  3:  1838:14/ 


The  Figure  Da,  b,  and  c series  was  seen  or  recorded  about  13  min  later  and 
1.4  km  higher  than  that  of  the  preceeding  series.  Blue  sky  was  evident  above, 
although  the  aircraft  was  still  approximately  1000  ft  (300  ml  below  the  top  of  the 
Cs.  In  the  direction  of  the  horizon  the  cloud  appeared  to  be  fairly  heavy.  Each  of 
the  probes  recorded  the  same  magnitude  of  liquid  water  content  though  the  cloud 
probe  had  a slightly  greater  contribution. 

From  the  time  represented  by  Figure  8a  to  that  of  Figure  !)a  the  size  and  mass 
recorded  bv  the  precipitation  probe  had  decreased  significantly,  while  those  of  the 
cloud  probe  had  increased.  The  I.WC  of  the  scatter  probe  also  increased  slightly, 
although  visible  cloud  density  decreased.  Particle  size  had  substantially  diminished 
as  the  aircraft  climbed  higher  toward  the  top  of  the  cirrostratus  layer. 


Figure  9a.  Selected  16-mm  Frame  1838:14/,,  Near  I s tops  7.8  km 
MSI,,  Temperature  -29.9°C 
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PARTICLE  SIZE  (pm) 

Figure  9b.  Spectrometer  Particle  Data  for  t igure  9a 
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Figure  9c.  Particle  Size  Distribution  Averages  for  Two  Consecutive  15-sec 
Intervals.  The  Lower  One  Corresponds  to  the  Plotted  Values  on  Figure  9b 
and  the  Photo  in  Figure  9a 
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5.4  K\ainple  No.  4:  1842:07/ 


Figures  10a,  b,  and  c represent  a time  when  the  aircraft  was  in  the  upper 
portion  of  very  thin  cirrostratus.  The  horizon  was  faintly  visible.  Snow  capped 
mountains  about  five  miles  distant  may  be  seen  in  the  lower  foreground  of  Figure  10a. 
Although  this  figure  indicates  thin  cirriform  clouds  straight  ahead  near  the  horizon 
the  base  of  the  cirrus  layer  was  estimated  to  be  more  than  a thousand  feet  above  the 
aircraft. 

The  particle  population  recorded  bv  each  of  the  probes  at  this  time  was  quite 
low.  In  fact,  the  liquid  water  content  leterrnined  by  the  scattering  probe  was 
smaller  at  this  time  than  at  any  of  the  otner  specific  times  studied  here;  the  overall 
LWC  of  the  "cloud  plus  precipitation"  probes  w is  also  smallest,  l-'ven  though 
several  of  the  individual  cloud  probe  channels  recorded  no  particles  this  probe 
recorded  the  highest  LWC  measurement  of  the  three— although  it  was  still  relatively 
low  when  compared  to  other  cirrus  situations. 

The  greatest  contribution  to  the  mass  determined  bv  the  cloud  probe  was  an- 
parently  made  b.v  particles  in  the  200  to  250  pm  range  according  to  Figure  10b. 

The  concentration  or  density  falls  off  for  sizes  both  sn  aller  an  I larger  than  this. 


Spectrometer  Particle  Data  for  Figure  10a 
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Figure  10c.  Particle  Size  Distribution  Averages  for  Two  Consecutive  15-sec 
Intervals.  The  Upper  One  Corresponds  to  the  Plotted  Values  on  Figure  10b 
and  the  Photo  in  Figure  10a 


5.5  Kxample  \<>.  3:  1907:39/ 


Figure  11a  shows  a situation  where  the  aircraft  was  in  very  thin  cirrus  at 
28,000  ft  (8.  5 km)  with  cirrostratus  below.  Less  than  a minute  after  this  photo 
was  taken  the  mission  director  reported  he  could  see  the  ground  clearlv  through 
the  milky,  thin  Cs.  The  tops  of  the  thin  cirrus  were  believed  to  be  about  1000  ft 
(300  ml  above  flight  level. 

The  large  variation  of  particles  in  both  size  and  shape  is  shown  in  the  2-D 
forms  on  Figure  lib.  As  noted  there,  the  majority  of  recognizable  particles  appears 
to  be  composed  of  the  bullet  rosette  form  and  vary  from  approximately  200  to  500p.?’ 
in  their  largest  dimension.  The  mean  "diameter"  values  shown  on  Figure  lib  and 
the  other  "b"  figures  are  smaller  than  the  2-D  particle  dimensions  since  thev  repre- 
sent spherical  "melted"  droplets  having  the  same  mass  as  the  larger  frozen  . rvstals. 

As  in  most  of  the  other  particular  cirrus  cases  describe  1 in  this  section  the 
largest  contribution  to  total  liquid  water  content  was  made  bv  Mie  particles  in  the 
26  to  3 1 1 n m range  that  are  observed  by  the  cloud  probe. 


DATE:  2a  Eek-ZB ALTITUDE 

TIME:  T7Q7 :4Q  - 19(17:54  TEMP. 
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Spectrometer  Particle  Data  for  Figure  11a 
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Figure  11c.  Particle  Size  Distribution  Averages  for  Two  Consecutive  15-sec 
Intervals.  The  Upper  One  Corresponds  to  the  Plotted  Values  on  Figure  lib 
and  the  Photo  in  Figure  11a 
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The  photo  shown  in  1 igure  12a  was  taken  1 nun  after  that  of  f igure  11a.  Al- 
though some  wispy,  thin  cirrus  extends  before  the  aircraft  there  is  blue  sky  above. 


The  tops  of  the  cirrus  1.iwt  were  estimated  to  be  ibout  1000  ft  (1100  m)  above  the 
aircraft's  28,  000  ft  <i;.u  km)  flight  level.  The  cirrostratus  below  was  reported  to 
1 e thinner  than  it  ppe  >rs  m the  photo,  and  the  ground  was  visible  through  it. 

Considering  the  relative  elearness  of  the  sk\  before  the  aircraft  the 
1.  67  ■ 10  g in  ’ ( • I’  I V\  < ■ a 1 a e seems  large;  however,  it  is  still  two  orders  of 

magnitude  less  than  1 ley  msfteld  and  knoUenbcrg'’  found  in  cirrus  uncinus  that  was 
presun' ablv  more  dense.  The  t - 1’  IA\(  decreased  by  .m  order  of  magnitude  in 
the  la-sec  sample  recorded  after  that  shown  on  figure  12b. 
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Spectrometer  Particle  Data  for  Figure  12a 
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I' igure  12c.  Particle  Size  Distribution  Averages  for  Two  Consecutive  15-sec 
Intervals.  The  Upper  One  Corresponds  to  the  Plotted  Values  on  Figure  12b 
and  the  Photo  in  Figure  12a 


5.7  Example  No.  7:  1916:56/ 

The  photo  in  Figure  13a  shows  an  example  of  very  thin  cirrus  at  aircraft  altitude 
with  a cirrostratus  undercast.  This  picture  was  taken  at  29,000  ft  MSL  (8.8  km), 
the  highest  altitude  attained  during  this  flight. 

_o 

The  6.  63  X 10  g m LWC  value  determined  by  the  scattering  probe  at  this 
time  is  greater  than  comparable  scattering  probe  values  for  the  other  specific  seven 
cases  considered  here.  It  is  also  larger  than  LWC  contributions  determined  at  this 
particular  time  by  the  cloud  and  precipitation  probes. 

The  precipitation  probe  recorded  only  a small  number  of  particles  and  those 
were  in  its  smallest  channel,  400  pm.  Since  there  was  only  one  point  that  could  be 
plotted  a precipitation  probe  distribution  of  density -size  is  not  graphed  on  Figure 
13b— although  a mean  diameter  and  LWC  are  given.  The  400  pm  bullet  rosette 
crystals  measured  by  the  precipitation  probe  were  computed  to  have  mean  diameters 
of  175  pm  when  converted  to  equivalent  volume  droplets.  This  is  the  smallest  size 
determined  by  this  probe  for  any  of  the  eight  cases  considered  here. 

The  maximum  in  the  cloud  probe  distribution  near  200-250  pm  that  was  seen  in 
several  other  cirrus  cases  is  not  apparent  in  Figure  13b.  There  is  instead  a gradual, 
discontinuous  decrease  of  concentration  with  increased  size  as  was  seen  in  the 
denser  clouds  represented  by  Figures  7 and  8.  The  cloud  probe  LWC  is  also  one  of 
the  lowest  examined  in  this  series  aside  from  those  of  the  cirrostratus  cases  given 
in  Figures  7h  and  8b. 


Figure  13a.  Selected  16 -mm  1 fame  10  16:56,  Thin  Ci  8.8  kn.  MSI 
Temperature  -35.  5 'C' 
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Figure  13c.  Particle  Size  Distribution,TAverages  for  Two  Consecutive  15-sec 
Intervals.  The  Upper  One  Corresponds  to  the  Plotted  Values  on  Figure  13b 
and  the  Photo  in  Figure  13a 
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Figure  14a  shows  a case  of  thin  cirrus  before  the  airplane  at  29,000  ft  MSL 

and  a broad  layer  of  cirrostratus  beneath.  The  nose -camera  movie  film  indicated 

the  aircraft  was  passing  in  and  out  of  thin  cirrus  tops  frequently  at  this  time  so  that 

I.WC  and  particle  size  values  changed  rapidly. 

The  liquid  water  content  letermined  by  the  cloud  probe  (in  Figures  14b  andl4c) 

is  the  greatest  of  anv  of  the  eight  cases  discussed  here;  however,  the  range  of  the 

-3  -3  . .. 

eight  values  was  relatively  small,  varying  between  0.73  X 10  g m in  figure  <b 
and  7.35  X 10  ''  in  Figure  Mb. 


Figure  14a.  : 
Tomnoraturo 
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Spectrometer  Particle 
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Figure  14c.  Particle  Size  Distribution  Averages  for  Two  Consecutive  15-sec 
Intervals.  The  Upper  One  Corresponds  to  the  Plotted  Values  on  Figure  14b 
and  the  Photo  in  Figure  14a 
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6.  EXAMPLES  OE  LONGER  PERIOD  PARTICLE  DISTRIBUTIONS 


The  cloud  particle  data  in  Figures  7b  and  7 c through  14b  and  14c  are  averages 
for  15-sec  intervals  during  the  sampling  flight.  In  Figure  15  some  examples  are 
given  of  particle  distributions  averaged  over  longer  periods,  from  1 to  5-1/2  minutes. 
The  time  intervals  selected  were  based  on  the  length  of  time  a given  type  of  cloud 
was  being  sampled.  That  is,  periods  were  sought  when  sampling  was  continuous 
through  the  same  general  kind  of  cloud  conditions,  for  example,  thin  cirrus  near 
the  tops.  The  periods  chosen  were  primarily  based  on  review  of  the  nose-camera 
color  film  and  of  the  mission  director's  flight  log. 

It  was  desired  to  have  data  averages  over  even  longer  intervals  than  those  in 
Figure  15,  however,  eirriform  cloud  conditions  were  quite  variable  on  the  day  that 
sampling  was  performed.  For  this  reason  the  sampling  aircraft  was  almost  con- 
tinuously moving  from  one  type  of  cloud  to  another,  and  was  not  in  homogeneous 
cloud  or  non-cloud  conditions  for  more  than  a few  minutes  at  a time. 

Several  of  the  Figure  15  plots  were  made  over  time  periods  that  encompass  some 
of  the  shorter  period  examples  shown  in  Figures  7 through  14.  In  these  cases  longer 
period  particle  distributions  may  be  compared  with  those  computed  forl5-seo  periods. 
For  the  examples  in  Figure  15  more  detailed  data  listings  of  particle  concentration 
as  a function  of  particle  size  are  given  in  Appendix  A. 

The  specific  type  of  cloud  condition  that  the  Figure  15  plots  represent  are  given 
on  each  diagram.  In  general,  the  greatest  particle  concentrations  were  found  in  the 
various  types  of  cirrostratus  shown  in  Figures  15a,  b,  c,  and  d.  The  e diagram 
represents  a time  when  the  aircraft  was  flying  in  a nearly  cloud-free  blue  sky  , 
however,  even  here  small  numbers  of  cloud-  and  precipitation -sized  particles  were 
recorded. 

Figures  15f,  g,  and  h represent  thin  or  very  thin  cirrus  situations  as  well  as 
could  be  determined  by  the  eve.  The  spectrometers  indicated  different  particle 
distributions  in  each  case.  The  f diagram  differs  from  h in  that  it  has  a small 
maximum  at  about  200  pm.  Additionally,  the  h figure  indicates  precipitation-sized 
particles  as  large  as  7 00  pm  which  are  not  reflected  in  f.  The  Figure  15g  differs 
from  both  f and  h in  having  a significant  peak  in  the  distribution  near  300  pm  and  a 
general  decrease  in  concentration  from  that  point  as  particles  decrease  in  size. 

The  maximum  in  the  concentration  curves  near  250  to  300  pm,  that  was  men- 
tioned in  the  previous  section,  is  also  apparent  to  some  extent  in  most  of  the  Fig- 
ure 15  plots. 
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PARTICLE  NO.  DENSITY  (N/M3- 


7.  CONCLUDING  COMMENTS 


I 


The  MC-130E  flight  of  26  February  1978  in  the  Albuquerque,  New  Mexico  area 
was  successful  in  that  a variety  of  cirrus  types  was  available  for  sampling  and  the 
aircraft  instrumentation,  aside  from  the  particle  replicator  and  dew  point  equipment, 
was  all  operative. 

Although  our  primary  emphasis  was  on  sampling  relatively  thin  cirriform  clouds, 
an  extensive,  more  dense  cirrostratus  cloud  layer  was  also  sampled  as  the  aircraft 
ascended  to  the  cirrus  above  it.  The  data  in  this  report,  which  were  recorded  during 
the  approximately  one  and  one-half  hour  flight  at  cirrus  altitudes,  will  permit  vari- 
ous comparisons  of  particle  concentrations  to  be  made  between,  for  example,  cirro- 
stratus  bases  and  tops  or  thicker  uniform  cirrostratus  and  fibrous  cirrus. 

There  was  a large  variation  in  liquid  water  content  during  the  flight  as  the 
aircraft  passed  in  and  out  of  cirriform  clouds.  For  a short  time  before  the  aircraft 
ascended  into  the  visible  Cs  cloud  some  particles  as  large  as  1700  p m were  recorded. 
This  was  similar  to  the  situation  of  rain  falling  to  the  ground  from  a cloud  above 
while  the  surface  visibility  remains  relatively  good.  The  lower  levels  of  the  cirro- 
stratus  cloud  had  few  particles  in  the  25  to  300  p m range  that  are  recorded  by  the 
PMS  cloud  probe.  There  was,  however,  a greater  population  of  larger  particles  up 
to  2000  p m in  the  cirrostratus. 

In  the  cirrus  clouds  up  to  29,  000  ft  (8.  8 km)  the  highest  concentration  of  par- 
ticles was  almost  always  in  the  smaller  sizes  measured  by  the  scattering  probe 
(2  - 30  pm).  This  is  in  agreement  with  the  results  of  Heymsfield^  who  studied 
13  cirrus  cases.  With  respect  to  mass  or  liquid  water  content,  however,  the  scat- 
tering probe  and  cloud  probe  (26  - 311pm)  measurements  often  resulted  in  approxi- 
mately equal  amounts  with  the  cloud  probe  becoming  dominant  with  denser  clouds. 

The  precipitation  probe  occasionally  recorded  a few  particles  as  large  as  1500  pm, 
but  liquid  water  computations  from  its  measurements  were  usually  half  those  of  the 
cloud  probe  or  less.  Since  the  cirriform  particle  spectra  frequently  extended  from 
2 p m or  less  to  sizes  in  excess  of  2 mm  the  use  of  all  three  spectrometer  probes 
was  justified  on  this  mission. 

Liquid  water  content  measurements  ranged  from  approximately  IX  10  5 to 

“4-3  -2-3 

1X10  g m in  some  of  the  thinner  cirrus  clouds,  to  2 to  4 X 10  g m in  the 

I base  of  cirrostratus  and  in  the  more  dense  cirrus.  Past  measurements  in  cirrus 

by  Heymsfield  and  Knollenberg5  and  by  Hobbs  et  alf>  have  derived  slightly  higher 

values  of  LWC  (or  ice  water  content).  Heymsfield  and  Knollenberg,  however,  studied 

primarily  cirrus  generating  cells,  and  most  of  the  measurements  by  Hobbs  et  al 

were  made  below  23,  000  ft  (7.  0 km).  According  to  a later  study  by  Heymsfield  , 

larger  ice  water  content  values  are  frequently  encountered  in  the  lowest  portions  of 
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cirrus  clouds.  This  does  not  totally  explain  the  difference  in  water  content  values 
in  cirrus,  but  those  reported  here  were  determined  in  a manner  that  has  previously 

permitted  close  correlations  with  radar  derived  reflectivity  values  (for  example, 

q 1 0 

BertheP  and  Plank  ). 

Computer  printouts  of  particle  distributions  as  a function»of  size  are  provided 
in  the  two  appendixes  for  the  time  sampling  was  being  made  at  cirriform  cloud 
altitudes. 
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Appendix  A 


Average  Particle  Distributions  for  Varying  Time  Periods 


Particle  concentration  data  are  given  in  the  following  pages  for  some  of  the  types 
of  cirriform  clouds  that  were  sampled  on  26  February  1978  in  the  Albuquerque  area. 
The  varying  time  periods  over  which  the  data  are  averaged  were  selected  to  be  as 
long  as  possible  while  sampling  a relatively  homogeneous  cloud  type,  for  example, 
dense  cirrostratus  or  thin  cirrus.  Each  data  listing  (two  per  page)  corresponds  to 
one  of  the  plots  of  data  shown  in  Figure  15  in  the  text.  The  specific  one  is  indicated 
near  each  listing. 
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Average  particle  distribution  (No.  /m  --mm)  for  the  240-sec  period  beginning  at 
1824: 10Z.  Data  correspond  to  Figure  15A  in  text.  In  dense  cirrostratus. 
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Average  particle  distribution  (No.  / for  the  330-sec  period  beginning  at 
1857: 10Z.  Data  correspond  to  Figure  15B  in  text.  In  moderately  dense  cirrostratus 
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Average  particle  distribution  (No.  / m --mm)  for  the  12#-»ec  period  beginning  at 
1839: 10Z.  Data  correspond  to  Figure  15C  in  text.  Near  top  ®f  cirrostratus  layer. 
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Average  particle  distribution  (No.  /m  --mm)  for  the  330-sec  period  beginning  at 
1841:10Z.  Data  correspond  to  Figure  L5D  in  text.  In  thin  cirrostratus. 
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Average  particle  distribution  (No.  / m3--mm)  for  the  120-sec  period  beginning  at 
1847:40Z.  Data  correspond  to  Figure  15E  in  text.  In  blue  sky  with  cirrost 
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1854: 10Z.  Data  correspond  to  Figure  15F  in  text.  In  very  thin  cirrus. 
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Appendix  B 

Average  Particle  Distributions  for  30-Second  Periods 


The  following  pages  provide  cloud  particle  concentration  data  as  a function  of 
particle  size  for  the  time  on  26  February  1978  when  the  sampling  aircraft  was  be- 
tween approximately  16,  000  ft  (4.  9 km)  and  29,  000  ft  (8.  8 km)  MSL.  Varying 
amounts  of  cirrostratus  were  sampled  up  to  about  26,  000  ft  (7.9  km).  Above  that 
the  aircraft  was  primarily  in  and  out  of  cirrus  clouds.  There  was  no  extensive 
cloudiness  above  29,  000  ft  MSL. 

The  printouts  consist  of  data  averages  for  consecutive  30-sec  periods  during 
the  flight.  For  description  of  the  printout  format  see  the  first  AFGL  study  in  this 
series  by  Varley.  1 
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